Genetic surveys of parthenogenetic vertebrate populations have demonstrated a common pattern of relatively high degrees of clonal variation and the coexistence of numerous clones. In striking contrast, the Phoxinus eos/Phoxinus neogaeus/hybrid gynogen complex of cyprinid fishes exhibits no clonal variation within a northern Minnesota drainage characterized by successional beaver ponds. Gynogens were sampled from three habitats in each of four different pond types in a single drainage in Voyageurs National Park, Minnesota. The abundance of gynogens relative to sexual dace varied with pond type, being least common in deep upland ponds and most common in shallow, collapsed, lowland ponds (13.4% and 48.6%, respectively). Simplesequence multilocus DNA fingerprinting of 464 individual gynogens detected one, and only one, clone. DNA fingerprints, generated sequentially by using three oligonucleotide probes, (CAC)5, (GACA)4, and the Jeffreys' 33.15 probe, all revealed the same unprecedented lack of variation. The extreme lack of clonal diversity in these gynogens across a range of habitat types does not fit the general pattern of high clonal diversity found within populations of other vertebrate parthenogens.
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Since the first reported clonal vertebrate was described (1) , these organisms have received a large amount of attention due to their usefulness as models for evolutionary and ecological studies. These studies have covered topics ranging from resource partitioning (2) to the age of unisexual lineages (3, 4) and the persistence of sexual reproduction (5) . Dawley (6) has identified two main approaches used in research involving clonal vertebrates: studies which investigate the mechanisms of clonal reproduction and studies which assay clonal variation within and among populations. Studies which focus on assaying genetic variation have, contrary to prior expectations, revealed relatively high levels of variation within populations of a given taxon. The coexistence of numerous clonal lineages seems to be the general rule among unisexual vertebrates (see ref. 6 for a review covering the taxonomic range of unisexual vertebrates and refs. 2, 7, and 8 for specific examples concerning parthenogenetic fishes). Natural populations of gynogenetic cyprinid fishes of the Phoxinus eos/Phoxinus neogaeus/hybrid complex appear to represent an example where this general rule is not the case. Mitochondrial DNA analysis of limited numbers of individuals from geographically disjunct hybrid populations suggests relatively recent, repeated originations (9) . Despite repeated origination events occurring over a broad geographic area, techniques which are intractable to large-scale surveys, such as fin graft histocompatibility analysis, detect only very limited or no clonal variation within any given local population. These immunological data led Goddard et at (9) to postulate that local populations ofPhoxinus gynogens were composed of The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
only a single clonal lineage. The possibility existed, however, that these immunological groups actually consisted of numerous clonal lineages, having diverged at other than histocompatibility loci subsequent to common origination. For instance, in the case of Poecilia formosa, another gynogenetic fish, presumed clonal groupings based on allozyme data actually prove to be assemblages of numerous, distinct, and highly variable clonal lineages when hypervariable variable-number tandem repeat (VNTR) loci are surveyed (7) . Furthermore, no such assessment of the fine-scale resolving power of fin graft histocompatibility analysis has been done (7). Here we report the definitive demonstration of an extreme lack of population genetic variation in this species/gynogen complex in a northern Minnesota stream drainage. By assaying hypervariable, simple-sequence, VNTR loci, using multilocus DNA fingerprinting and distributional frequency for both sexual progenitor species and gynogens across a number of habitats, we demonstrate that Phoxinus gynogens do not exhibit the population structure predicted by the commonly accepted "frozen niche" model (2) . These findings support the hypothesis that local populations of Phoxinus gynogens are composed of a single genetic clone and provide a counterpoint to the commonly held view that unisexual vertebrate populations are composed of numerous coexisting clones. THE HYBRID COMPLEX P. eos and P. neogaeus are common cyprinid dace that range over most of continental North America. Both species are commonly found alone and in sympatry, and gynogens may or may not be present in both cases (9) . Where it occurs, this species/hybrid complex consists of the two progenitor species, P. eos and P. neogaeus, and a semiclonal gynogenetic hybrid form.
Usually, among gynogenetic fishes, as typified by Poecilia formosa (7, (10) (11) (12) (13) (14) (15) , reproduction is accomplished by all-female populations, of hybrid origin. Gynogens are perpetuated by mating with males of their progenitor species. In such cases sperm acts solely as a trigger for development of diploid eggs, no syngamy takes place, and the new paternal chromosome complement is rejected (6) .
Because gynogenesis is not 100% efficient in the Phoxinus complex, hybrids exist as diploid clonal lineages and triploid and triploid somatic mosaic classes (9) . Some triploid biotypes are capable of breeding back into the sexual populations of P. eos and P. neogaeus, and one instance of a triploid regenerating diploid P. eos offspring is known (16). The clonal gynogenetic lineages, however, are reproductively dependent upon either P. eos orP. neogaeus males, as is typical of other gynogens (17), and persist through time. 13, 1994 , in four different types of beaver ponds in the Lost Ponds drainage of Voyageurs National Park (18). These ponds included a deep upland pond, the shallow meadow of a collapsed lowland pond, the dam region of a collapsed lowland pond, and a newly created lowland pond. A total of 24 minnow traps were set in three different habitats in each of the four ponds; 12 littoral, 6 upper pelagic, and 6 lower pelagic. Traps were run for 3-4 days in each pond and catch per unit effort (number of dace captured per trap per day-1) was determined. A random subsample of fish from each pond type was collected, anesthetized, and categorized to species/biotypes (P. eos, P. neogaeus, and hybrids) on the basis of pharyngeal tooth counts and intestine morphology (17). Once biotype was determined, hybrid specimens were transported on dry ice and stored at -80°C until used for DNA isolation. A total of 464 hybrids were collected from the full range of habitat types in the four different ponds (Table 1) .
DNA Isolation and Fingerprinting. Phoxinus genomic DNA samples used in the DNA fingerprinting were isolated by a chaotropic salt (guanidinium isothiocyanate) procedure (23). Recovered nucleic acid pellets were air dried and redissolved in 1.5 ml of distilled deionized water. Generally, milligram quantities were obtained from each fish.
DNA fingerprinting using radiolabeled oligonucleotide probes (24, 25) has proven an ideal tool for assaying genetic variation in a number of clonal and semiclonal fishes (7, 8, 15, 23) . Sample concentrations were measured with a Pharmacia Genequant dedicated spectrophotometer. Five micrograms of each sample was then digested with an excess of Hae III Number in parentheses immediately following each CPUE value is the relative abundance (%) within a given beaver-pond type. Number in brackets following each CPUE entry is the proportion (%) of the total sample for each species or hybrid taken from each of the four different types of ponds. Taxonomic identifications were based on gut morphology and pharyngeal tooth count.
gynogens to be identical to those of the Lost Ponds sample. A subsample of 24 individuals from the three habitat types within Lost Ponds was also fingerprinted with the (GACA) 4 and 33.15 oligonucleotides in order to verify the (CAG)5 results. These probes also detected no variation among diploid gynogens (Fig. 2) , yielding further evidence that only a single clonal genotype was present in the Lost Ponds drainage.
DISCUSSION
The presence of only a single clonal lineage throughout the Lost Ponds drainage stands in marked contrast to the clonal diversity typically found among other unisexual vertebrates. For instance, among the unisexual fishes, populations of both Rivulus marmoratus (8) and Poeciliaformosa (7) were found to exhibit very high levels of clonal diversity when surveyed by simple-sequence fingerprinting (42 clones out of 58 individuals and 16 clones out of 19 individuals, respectively). Even relatively low-resolution techniques such as allozyme analysis have detected as many as 3 apparently clonal phenotypes within the above-mentioned population of Poecilia formosa (30), although histocompatibility analysis has revealed these three allomorphs to be actually composed of at least 12 distinct clonal lineages. Similar levels of clonal diversity have been 1 2 3 4 5 6 7 8 9 (37, 38) or the stochastic "turnover" of ecologically equivalent clones (8) could have produced the current clonal homogeneity. Stochastic turnover, in this case, would be interpreted as a scenario in which only a single clone originated de novo or fortuitously ever managed to colonize this system. At this point, the nature of the data does not allow a clear choice among the models.
What is unique about this species/gynogen complex is its unprecedented genetic homogeneity and the fact that it coex-A B F Proc. Natl. Acad Sci USA 92 (1995) ists with its apparently ecologically similar sexual progenitors by utilizing a broader range of habitats without either displacing the sexual species or going extinct itself.
